with high salt whereas loosely bound proteins, such as transcription factors, will elute with low salt. We are specifically interested in how virus infection alters the composition of factors associated with the cellular chromatin. Nuclear replicating viruses, such as adenovirus, herpes simplex virus, and EpsteinBarr virus, dramatically alter the appearance of the host chromatin during infection (Avgousti et al., 2016; Lam et al., 2010; Simpson-Holley et al., 2005; Chiu et al., 2013) . We hypothesized that these changes in appearance are partly due to differences in protein composition of host chromatin. Changes in host chromatin could reflect antiviral defenses mounted by the cell or active manipulation by the virus. To compare association of proteins with chromatin in uninfected and infected cells we developed this protocol to fractionate nuclei using a salt gradient (Figure 1 ). In this protocol we isolate nuclei, digest the DNA down to mono-nucleosome length, and then wash the nuclei with increasing concentrations of salt, collecting each fraction for analysis by Western blotting. We recently used this protocol to elucidate
HMGB1 is a highly mobile nuclear protein (Sapojnikova et al., 2005) and thus elutes during MNase digest and under lower salt conditions. Brd1 directly binds to histone tails (Sanchez et al., 2014) and elutes under high salt conditions.
Materials and Reagents
Note: Comparable reagents from different suppliers may be used for the protocol. www.bio-protocol.org/e2175 2. Harvest cells using trypsin and combine into one 15 ml tube per condition.
3. Centrifuge for 2 min, 500 x g, room temperature using benchtop centrifuge (Allegra X-14R with rotor SX4750).
4. Wash cells once with 10 ml of PBS and centrifuge again for 2 min, 500 x g, room temperature.
5. Aspirate as much of the supernatant as possible without disturbing the cell pellet.
6. Flash freeze samples in liquid nitrogen.
7. Store samples at -80 °C until ready to process.
B. Nuclear isolation
Note: This section describes two alternative methods for nuclear isolation. The procedure detailed in B1 yields a clean nuclear fraction but B2 is recommended for highly mobile nuclear proteins that are lost from the nuclear fraction when mild detergents are used as described in B1 (see example in Figure 2 ).
www
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6 Figure 2 . Fractionation of nuclear protein HMGB1 can differ depending on the method of nuclear isolation. Western blot of chromatin fractionation of A549 cells using different methods of nuclear isolation. HMGB1 is lost from nuclei during nuclear isolation B1 using NP-40 and a sucrose cushion. HMGB1 is retained in the nuclear fraction during isolation of nuclei with the alternative method described in step B2.
1. Nuclear isolation using mild detergent and sucrose cushion. j. Centrifuge for 20 min, 10,000 x g, 4 °C using benchtop centrifuge (Allegra X-14R with rotor FX6100) with low brakes (deceleration setting 1 for this centrifuge model, 5-10 min of deceleration for other centrifuge models) to avoid disruption of pellet. Figure 3C .
Note: Use the adapters listed in the Equipment section under 4 to fit the 30 ml reusable centrifuge tubes into the FX6100 rotor. The nuclei form a dense pellet at the bottom of the tube while the cytoplasmic debris remains in the upper sucrose layer,
www.bio-protocol.org/e2175 
Nuclear isolation by manual disruption

Note: Using mild detergents such as NP-40 for nuclear isolation is important to ensure that the nuclear membrane remains largely intact. In some cases, highly mobile nuclear proteins such as HMGB1 (Sapojnikova et al., 2005) may diffuse out of the nucleus upon isolation with this method. To prevent loss of these proteins from the nuclear fraction, we adapted an alternative method that relies on a hypotonic buffer and subsequent manual disruption of the cell membrane using a Dounce homogenizer. The short centrifugation times in this step minimize diffusion of these proteins out of the nuclei (Figure 2).
a. Thaw cells on ice (about 10 min until pellet is loose).
b. Gently resuspend cells in 1 ml of hypotonic buffer and transfer into a 1.7 ml tube using a P1000 pipette with the tip cut (or wide orifice pipette tips) to avoid disrupting the cellular membranes.
c. Set aside 25 μl of the cell suspension in a new tube as 'cells fraction'.
Note: This is proportional to the 50 μl aliquot taken from 2 ml of cell suspension in step B1.
d. Incubate on ice for 30 min.
e. Pre-cool the Dounce homogenizer and the pestle on ice for at least 5 min.
f. Transfer the cell suspension to cold Dounce homogenizer using a transfer pipette.
www.bio-protocol.org/e2175 h. Transfer sample to 1.7 ml tube using a transfer pipette.
i. Centrifuge for 5 min, 1,500 x g, 4 °C using a tabletop centrifuge.
j. Carefully remove the supernatant using a P1000 pipette. Transfer supernatant and label as 'cytosol fraction' if desired. Keep pellet containing the nuclei and proceed to Procedure C.
Note: The nuclei form a loose pellet at the bottom of the tube that can be easily disturbed.
The cytoplasmic fraction in step B1 is too dilute to isolate as a result of the sucrose cushion. 4. Run samples and a 100 bp ladder on a 2% agarose gel containing 1x GelRed at 100 V for 1 h.
C. Micrococcal nuclease digestion
5. Visualize the DNA using gel imager and check for prominent DNA band of around 150 bp with minimal DNA laddering (Figure 4 ).
F. Verifying the quality of nuclear fractionation by Western blot
Note: The quality of the nuclear fractionation can be analyzed using SDS-PAGE combined with
Western blotting ( Figure 1G 
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Data analysis
To Details concerning data analysis for mass spectrometry of salt fractions can be found in (Avgousti et al., 2016) .
Notes
This protocol is suitable to compare changes in the chromatin-associated proteome under different conditions. We have used this method to show changes to cellular chromatin during infection with adenovirus (Avgousti et al., 2016) . 
